ABSTRACT: Objectives were to determine the effects of chromium propionate supplementation on growth performance, insulin and glucose metabolism, and carcass characteristics of beef cattle. Steers (n = 34) were stratified by BW and assigned to 1 of 2 treatments: 1) no supplemental Cr (Cont) or 2) 3 mg supplemental Cr·steer −1 ·d −1 (CrP). Both supplements, Cont and CrP, were delivered via 0.454 kg ground corn top-dressed on the basal diet. There was no effect (P ≥ 0.45) of CrP on ADG, DMI, G:F, or final BW. However, steers fed CrP needed more (P = 0.10) days on feed (DOF) to achieve the same carcass back fat (BF) as steers fed Cont. There were no effects (P ≥ 0.41) of CrP on HCW, BF, or KPH. Steers fed CrP had increased (P = 0.01) dressing percentage (DP) and tended to have a 4.21 cm 2 greater LM area (P = 0.15), decreased marbling scores (P = 0.11), and decreased intramuscular fat (P = 0.11) compared to steers fed Cont. There were no differences (P ≥ 0.25) in quality or yield grade distributions. A glucose tolerance test was conducted early (21 DOF) and late (98 DOF) in the finishing phase. There was a feedlot treatment (FT) × time × DOF interaction (P = 0.08) for glucose concentrations, but no other interactions (P ≥ 0.21) for glucose or insulin concentrations. There were no FT × DOF interactions (P ≥ 0.21) for insulin area under the curve (iAUC), insulin:glucose ratio, insulin or glucose baseline, or peak insulin or glucose concentrations. At 21 DOF, steers fed CrP had decreased glucose area under the curve (gAUC; P = 0.01), decreased glucose clearance rate (k; P = 0.02), and increased glucose half-life (T 1/2 ; P = 0.07) compared to steers fed Cont; however, by 98 DOF, no differences were observed between treatments. At 98 DOF, all steers, regardless of treatment, had increased (P < 0.01) peak glucose and insulin, k, iAUC, insulin:glucose ratio, and baseline insulin when compared to values at 21 DOF, but gAUC and T 1/2 decreased (P < 0.01). Although steers fed CrP tended (P = 0.11) to have increased baseline glucose concentrations compared to steers fed Cont, CrP supplementation did not affect (P ≥ 0.17) other measures of glucose or insulin. Results of this study indicate that CrP increased DP and tended to increase LM area but tended to decrease intramuscular fat, with no effect on growth performance. With increased DOF, all steers became more insulin resistant, using more insulin to clear less glucose, and these effects were not mitigated by CrP supplementation.
INTRODUCTION
Chromium is an essential trace mineral recognized for increasing insulin function and insulin sensitivity not only in humans and laboratory rodents (Vincent, 2000; Anderson, 2003; Padmavathi et al., 2010) but also in livestock (Kegley et al., 1997b; Sumner et al., 2007; Spears et al., 2012) . Supplementing Cr to heifers approximately 1 yr old increased insulin sensitivity (Sumner et al., 2007; Spears et al., 2012) but decreased insulin sensitivity in beef feeder calves during the receiving period (Kegley et al., 2000; Bernhard et al. 2012) . Heifers fed Cr produced less insulin and cleared glucose at a faster rate than those not supplemented with Cr (Sumner et al., 2007; Spears et al., 2012) . Conversely, Kegley et al. (2000) and Bernhard et al. (2012) reported that feeder steers fed Cr during the receiving period had increased insulin and insulin:glucose ratio with no differences in glucose when compared to steers fed no Cr. However, there are no data on the effects of feeding Cr to feedlot beef steers during the finishing period on insulin and glucose metabolism. Supplementing Cr improved growth performance in newly received, stressed calves Moonsie-Shageer and Mowat, 1993; Kegley et al., 1997a) and increased LM area (Page et al., 1993; Kornegay et al., 1997) and marbling in swine (Matthews et al., 2003) . However, data regarding the effects of Cr supplementation to feedlot steers during the finishing period are limited and variable Mathison and Engstrom, 1995; Pollard et al., 2002) . We hypothesized that feeding Cr to feedlot steers would increase insulin sensitivity and thereby improve ADG, DMI, G:F, and BW and increase intramuscular fat deposition compared to feeding steers no Cr. Therefore, our objectives were to determine the effects of feeding 3 mg Cr·steer −1 ·d −1 to beef steers throughout the finishing phase on growth performance, carcass characteristics, and glucose and insulin metabolism.
MATERIALS AND METHODS
All procedures in this experiment followed guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (Federation of Animal Science Societies, 2010).
Animal Diet and Management
Angus-cross steers (n = 34) were weaned at approximately 6 mo of age at the Eastern Agricultural Research Station in Belle Valley, OH, preconditioned for 28 d, and then transported (142 km) to the Beef Research Station at the Ohio Agricultural Research and Development Center in Wooster, OH, on November 18, 2013. After approximately 24 h rest at the feedlot, steers received Inforce 3 (Zoetis, Florham Park, NJ) and were dewormed with Ivomec pour on (Merial, Duluth, GA). Steers were housed in 34 individual pens. Pens were made of metal gates on slatted concrete floors. Pens were 2.6 × 1.5 m and had individual, self-watering cups. A common receiving diet was fed for 29 d. For the first 18 d, steers were fed 45% corn silage, 20% soybean hulls, 10% dry-rolled corn, and 25% protein supplement on a DM basis (Table 1) . For the next 5 d, corn silage was decreased to 40% of the diet, soybean hulls were decreased to 10%, corn was increased to 25%, and the protein supplement remained unchanged. For the last 6 d before the start of the finishing diet, steers were fed 30% corn silage, 0% soybean hulls, 50% corn, 10% supplement, and 10% dried distillers grains plus solubles (DDGS).Thus, 3 steps over the course of 29 d were used to transition steers to the final feedlot diet.
After transition, steers were stratified by BW (initial average BW = 246 ± 59 kg) and dam treatment and assigned to 1 of 2 treatments: 1) no supplemental Cr (Cont) or 2) 3 mg supplemental Cr·steer −1 ·d −1 (CrP; KemTRACE Cr, 0.4% Cr as Cr propionate; Kemin Industries Inc., Des Moines, IA). Both supplements, Cont and CrP, were delivered via 0.454 kg ground corn top-dressed on the basal diet. The finishing diet started on December 17, 2013, and contained 55% corn, 20% corn silage, 15% DDGS, and 10% trace mineral and vitamin supplement (Table 1) . Steers were fed once daily at 0900. Steers were weighed before morning feeding at 0800 every 28 d during the finishing phase (Powder River Chutes, Provo, UT; SR2000 Tru-Test Scale Head). Steers were implanted with Compudose (Elanco Animal Health; Greenfield, IN) at the beginning of the finishing phase (December 17, 2013) , and implant retention was checked 29 d later.
Feed samples were collected every 14 d, and individual ingredient samples were dried at 55°C and composited over the course of the trial. Dried samples were stored in plastic bags (Uline Poly Bags, Model S-1009; Pleasant Prairie, WI). Composites of individual samples were ground through a 1-mm screen in a Wiley mill (Thomas Scientific, Swedesboro, NJ). Ground, composited samples were then analyzed for nutrient composition, and results were used to calculate nutrient composition of the diets. All samples were analyzed for DM (24 h at 103°C), ADF and NDF (using Ankom Technology methods 5 and 6, respectively; Ankom200 Fiber Analyzer, Ankom Technology, Macedon, NY), CP (Leco TruMac, LECO Corporation, St. Joseph, MI), fat (using Ankom Technology method 2; Ankom Technology), and total ash (600°C for 2 h, Thermolyne muffle oven model: F30420C, Thermo Scientific, Waltham, MA). For complete analysis of Cr content, top-dress samples and composited basal diet ingredients were subjected to atomic absorption spectroscopy as described by Williams et al. (1962) . To ensure adequate concentrations for analysis, a 5-g sample of feed was ashed and diluted in 25 mL for a 1:5 dilution. All glassware used in the analysis was acid washed to prevent contamination of samples. Furthermore, to test for possible contamination issues, a blank was run with the samples.
Glucose Tolerance Test and Blood Analysis
A glucose tolerance test (GTT) was performed from January 7 to 9, 2014 (21 to 23 days on feed [DOF]). A second GTT was conducted from March 25 to 27, 2014 (98 to 100 DOF). Steers (n = 12) from each feedlot treatment closest to the mean treatment BW were selected for the first GTT. Because of the intensive sample collection, 4 steers within each treatment were catheterized on January 6 to be sampled January 7 in the morning. Then, on the afternoon of January 7, 4 different steers from each treatment were catheterized for sampling on January 8. On January 8, 4 additional steers from each treatment were catheterized for blood sampling on January 9. The same 24 steers were then used in the subsequent GTT in March. The same schedule previously described was used in March, and the first blood sample was taken on March 25. Feed was withheld from the steers for 18 h before taking the first blood sample to ensure that all steers were on an equal plane of energy. The fast was used to eliminate the possibility of meal pattern responses on glucose and insulin metabolism. Steers were restrained in a chute, and an aseptic procedure was used to catheterize the jugular vein the day before the GTT was performed (approximately 18 h). A 60-cm indwelling, venous catheter was inserted through a 3.81-cm-long, 12-gauge needle. Half of the catheter (Tygon Tubing, AAD02127-CP, SaintGobain, Valley Forge, PA) was inserted into the steer, leaving the other half outside of the calf to be used for blood collection. The catheter was fitted with a hub to allow for blood collection via syringe. To prevent overnight clotting, catheters were flushed with 2 mL of heparin stock solution (1000 µg/mL). Catheters were secured to the neck with a Velcro patch and covered with vet wrap, and steers were returned to their home pens. The next morning, before infusion and sampling, calf empty BW was recorded to determine dose of sterile 50% dextrose solution (AgriLaboratories Ltd., St. Joseph, MO) required to deliver 0.25 g dextrose/kg BW (according to Kegley and Spears, 1995; Vasconcelos et al., 2009; Radunz et al., 2012) . Blood samples were taken at −5 and −2 min (before infusion) via the catheter to determine baseline glucose and insulin concentrations. Steers were infused with dextrose in the chute, and the time at the end of infusion was recorded as the reference point for initiating each blood collection. Following infusion, 5 mL of sterile saline and 1 mL of flush solution (sterile heparinized saline; 9 g/L of NaCl) were flushed through the catheter to ensure dextrose was cleared from the catheter. Steers were then returned to their pens. Subsequent blood samples were drawn at 5, 10, 15, 20, 30, 60, 90 , and 120 min postinfusion. Before each blood sample, 4 mL of blood were drawn into a syringe and discarded to clear the catheter. In a new syringe, 10 mL of blood were drawn for the sample and placed in Vacutainer tubes (K 2 EDTA, REF 366643, BD Vacuatainer, Franklin Lakes, NJ). The catheters were subsequently flushed with 1 mL of the flush solution to prevent clotting. Blood samples were placed on ice for no longer than 30 min until centrifuged at 3,000 × g for 20 min at 4°C. Plasma was aliquoted into 2-mL tubes in duplicate and placed in a −20°C freezer for the remainder of the day. Plasma samples were stored at −80°C until analyzed for glucose (Glucose Liquicolor, procedure 1070; Stanbio Laboratory, Boerne, TX) and insulin (Mercodia Bovine Insulin ELISA; Mercodia, Sweden). Glucose and insulin were analyzed according to the manufacturers' instructions. A pooled sample of all steers from all treatments and all time points was used as a control. Most plasma insulin samples were diluted using the provided 0 standard (0.0 µg/L) before measuring insulin to be in the range of the standard curve, 0 to 3.0 ng/mL (0 to 522 pmol/L). Glucose and insulin absorbances were measured at 500 and 450 nm, respectively, with a 96-well plate reader (Syndergy HT, BioTek, Winooski, VT). A CV of ≤10% within duplicates for glucose and insulin was deemed acceptable.
Glucose clearance rates (k) were calculated as described by Bernhard et al. (2012) . Values were determined using incremental serum glucose concentrations between 5 (t1) and 20 (t2) min postinfusion during GTT. This time increment best describes the sharpest decrease in glucose concentrations and the greatest increases in insulin concentrations, with peak insulin concentrations at 20 min. Clearance rate of glucose is calculated from the natural log of circulating glucose concentrations (Glu) between 2 time points (t2 and t1), as shown in the following equation:
The time points used in the calculation of k are variable in previous literature. In previous Cr studies alone, k has been calculated from time points 5 to 30 min (Bunting et al., 1994) , 5 to 15 min (Spears et al., 2012) , 30 to 45 min (Bernhard et al., 2012) , and 15 to 45 min (Kegley and Spears, 1995; Kegley et al., 1997b Kegley et al., ., 2000 and has also not been reported (Sumner et al., 2007) .
Glucose half-life (T 1/2 ) was calculated during the same time points and used the calculated k from the equation above:
Glucose and insulin area under the curve (AUC) were calculated as described by Cardoso et al. (2011) using positive incremental AUC. Baseline values were determined to be the mean of −5 and −2 min relative to infusion. Insulin:glucose ratio was calculated using the AUC values.
Carcass Data Collection
Steers were slaughtered when individual animals reached 1.27 cm of back fat (BF) as determined by ultrasound (Aloka SSD-500V, probe: Aloka UST-5049-3.5 MHz; Hitachi Aloka Medical America, Inc., Wallingford, CT). Eight steers reached the targeted 1.27 cm on April 30, 2014 (134 DOF), 12 steers reached the target on May 19, 2014 (153 DOF), 7 steers reached it on June 2, 2014 (167 DOF), and the last 7 steers reached the target on June 9, 2014 (174 DOF), where DOF represents just those days the steers were fed their respective Cont or CrP supplements, not the 29 d of transition before supplementation. Steers were transported approximately 25 km and slaughtered at a commercial abattoir under USDA inspection. Hot carcass weights were recorded at the end of the slaughter line before the carcass entered the cooler. Carcasses were chilled for 24 h at −4°C. After chill, USDA yield grade (YG) and quality grade (QG) were collected by a trained technician.
A 2.54-cm slice of the LM was taken posterior to the 12th rib. Muscle samples were transported back to the University of Illinois Meat Science Lab on wet ice to be processed. Half of the 2.54-cm LM slice from each calf was trimmed of intermuscular and subcutaneous fat and individually frozen and stored at −20°C until further analysis. These samples of LM were ground, and intramuscular fat (IMF) concentrations were determined by ether extract (method 2, Ankom XT10 Fat Extractor; Ankom Technologies).
Statistical Analysis
This experiment was a completely randomized design with 2 dietary treatments. Individual steer served as the experimental unit. Average daily gain, DMI, G:F, BW, DOF, HCW, dressing percentage (DP), BF, KPH, marbling score, and IMF were analyzed using the MIXED procedure of SAS (SAS 9.4; SAS Inst. Inc., Cary, NC). Feedlot treatment (FT) was included as a fixed effect. Dams of steers were on a trial during steer fetal development; therefore, steers were stratified to their feedlot treatments in an attempt to account for carryover effects of dam treatment, and dam treatment was included as a fixed effect in the model. The covariance matrix of the fixed-effect estimates and denominator degrees of freedom for the t and F tests were adjusted with a Kenward-Rogers adjustment.
Glucose and insulin concentrations were analyzed using the MIXED procedure (SAS 9.4; SAS Inst. Inc.) with repeated measures, where time of sampling postinfusion was repeated within calf (time). Thus, feedlot treatment, dam treatment, DOF, baseline, and time × DOF × FT, time × FT, and DOF × FT were included as fixed effects. Glucose baseline concentrations and insulin baseline concentrations were used as covariates (fixed effects) when analyzing their respective concentrations over time. Thus, for standardization at time point 0 (baseline) and to draw an accurate curve, the baseline covariates were used for all steers. The covariance structure was Toeplitz, as determined by lowest Bayesian information criterion for all variables, and calf was the subject. The SLICE statement was used to separate the effects of the interactions of time, DOF, and FT.
Insulin:glucose ratio, glucose k, glucose T 1/2 , and peak, baseline, and AUC for glucose and insulin were analyzed using the MIXED procedure (SAS 9.4; SAS Inst. Inc.) specific for repeated measures (DOF). Dam treatment, FT, DOF, and DOF × FT were included as fixed effects, and calf was the subject. The SLICE statement was used to separate the effects of the interactions of DOF and FT.
The GLIMMIX procedure (SAS 9.4; SAS Inst. Inc.) was used to analyze USDA YG and QG distributions. Dam treatment and FT were fixed effects. The distribution was binomial, and denominator degrees of freedom were calculated by the Satterthwaite method. For all analyses, individual steer served as the experimental unit. Significance was declared at P ≤ 0.10. Trends were discussed at 0.10 < P ≤ 0.15.
RESULTS
Because steers were stratified by BW at trial allotment, there were no differences (P = 1.00) in initial BW (Table 2 ). There were no differences (P ≥ 0.45) in ADG, DMI, G:F, or final BW between steers fed CrP and steers fed Cont. Steers fed CrP were on feed 8 d longer (P = 0.10) than steers fed Cont to reach the same targeted BF.
Just as final BW did not differ, HCW also did not differ (P = 0.41; Table 3 ). Steers fed CrP had HCW of 315 kg, and steers fed Cont had a HCW of 306 kg. Because steers were slaughtered as they reached 1.27 cm of BF, there were no differences (P = 0.81) in BF between treatments. There were also no differences (P = 0.76) in KPH fat. However, steers fed CrP had a greater (P = 0.01) DP than steers fed Cont (62.0 vs. 60.7%, respectively). The increase in DP may be influenced by a 4.21 cm 2 larger (trend; P = 0.15) LM area in carcasses from steers fed CrP compared to carcasses from steers fed Cont.
Despite the fact that steers fed CrP had increased DP and tended to have greater LM area, there were no differences (P ≥ 0.25) in USDA YG distributions (Table 3) . The majority of carcasses graded YG 3, regardless of treatment. There were also no effects (P ≥ 0.25) of feeding Cr on QG distributions. Carcasses from steers fed CrP and Cont graded 28.4% and 46.9% Average Choice and greater, respectively. Even though QG did not differ, carcasses from steers supplemented with CrP tended (P = 0.11) to have lower marbling scores when compared to carcasses from steers fed Cont. This tendency for carcasses from steers supplemented with CrP to have 54 units less marbling corresponded to a tendency (P = 0.11) for those same carcasses to have 18% less IMF compared to carcasses from steers fed Cont.
There was a FT × time × DOF interaction (P = 0.08) for change in glucose concentrations following glucose infusion (Fig. 1) . However, there were no effects of FT × time × DOF (P = 1.00) on insulin concentrations following a glucose infusion (Fig. 2) . Furthermore, no other interactions (P ≥ 0.50) were observed for glucose or insulin concentrations following the GTT.
As glucose is tightly regulated, measures other than concentration can be better indicators of glucose status.
A FT × DOF interaction (P ≤ 0.07) was observed for glucose area under the curve (gAUC), k, and T 1/2 (Table 4) . At 21 DOF, steers fed CrP had lower (P = 0.01) gAUC, slower (P = 0.02) k, and longer (P = 0.07) T 1/2 compared to steers fed Cont. However, at 98 DOF, there were no differences between treatments. Furthermore, a main effect of DOF was observed for gAUC, k, and T 1/2 . All steers, regardless of treatment, had decreased gAUC, faster k, and shorter T 1/2 (P < 0.01) at the GTT conducted at 98 DOF compared to that at 21 DOF. Steers fed CrP in the present trial tended (P = 0.11) to have lower baseline glucose concentrations compared to steers fed Cont, regardless of DOF. Peak glucose concentrations (5 min postinfusion) differed (P < 0.01) only by DOF; there was no effect (P = 0.17) of CrP or the interaction with DOF observed (P = 0.27).
There were no FT × DOF interactions or effects of FT (P ≥ 0.21) on insulin area under the curve (iAUC), peak or baseline insulin concentrations, or insulin:glucose ratio; however, there was a main effect of DOF (Table 4 ). Regardless of whether or not steers were fed CrP, at 98 DOF, steers had increased iAUC (P < 0.01), increased peak and baseline insulin concentrations (P < 0.01), and increased insulin:glucose ratio (P < 0.01) compared to at 21 DOF.
DISCUSSION
Previous research involving beef feedlot steers and Cr effects on performance and carcass characteristics has been variable and limited Mathison and Engstrom, 1995; Pollard et al., 2002 ). Type of Cr, level and duration of Cr supplementation, and even differences in amount of glucose and infusion rates during GTT (Kegley et al., 2000; Sumner et al., 2007; Bernhard et al., 2012 ) make discussion and comparison of papers on insulin sensitivity difficult. As an example from previous studies, glucose has been infused at 0.45 g/kg of BW 0.75 (Sumner et al., 2007; Spears et al., 2012) , 0.5 g/kg of BW (Bunting et al., 1994; Kegley et al., 2000; Bernhard et al., 2012) , and, as in the current study, 0.25 g/kg of BW (Kegley and Spears, 1995; Vasconcelos et al., 2009; Radunz et al., 2012) . Furthermore, basal diet Cr concentrations vary widely within the literature and are not always reported, most likely because of the difficulty of analysis. Normally, Cr concentrations in the diet are approximately 1 to 3 mg Cr/kg DM (Lindemann, 2007) . However, the basal diet in the current study contained 5.61 mg Cr/kg DM. However, the bioavailability of Cr in the basal dietary ingredients is less than the bioavailability of Cr in the supplemented form, Cr propionate (Lindemann, 2007) . We had attempted to supplement an additional 3 mg Cr/d to steers fed CrP to represent the maximum supplementation allowed. However, according to the analysis, the supplement provided 4.5 mg Cr/d to each steer via the 0.454 kg top-dress.
Chromium supplementation has been shown to increase ADG in stressed, receiving feedlot calves ; Moonsie-Shageer and Mowat, 1993; Kegley et al., 1997a) . Charolais-crossed calves fed corn silage-based diets supplemented with Cr yeast had 30% and 27% (Moonsie-Shageer and Mowat, 1993) increases in ADG when compared to calves not fed Cr. Angus-crossed calves fed a corn silage-based diet supplemented with Cr-nicotinic acid complex also had increased ADG by 11% (Kegley et al., 1997a ) when compared to calves not fed Cr. Therefore, we hypothesized that steers fed CrP would have increased ADG and final BW and would have a more efficient G:F; however, this was not the case. There were no differences in growth or final BW or differences in HCW in the present trial. Little work has been done to investigate the effects of feeding Cr to steers on feedlot finishing diets. Some of the work that has been done has also shown no differences in ADG, DMI, G:F, final BW, or HCW of steers fed either 0.0 or 0.2 mg Cr/kg DM as Cr yeast or in ADG, DMI, G:F, or final BW of steers fed either 0 or 3 mg Cr/kg DM as a Cr amino acid chelate (Mathison and Engstrom, 1995) . In addition, steers fed Cr yeast at either 0.0 or 0.2 mg Cr/ kg DM during the feedlot finishing period had similar ADG, G:F, DMI, and final BW, but steers fed 0.4 mg Cr/ kg DM had decreased ADG, G:F, DMI, and final BW and tended to have decreased HCW when compared to those fed 0.0 and 0.2 mg Cr/kg DM (Pollard et al., 2002) . However, Pollard et al. (2002) also reported that feeding 0.2 mg Cr/kg DM as Cr yeast increased HCW by 13 kg, whereas feeding 3 mg Cr/kg DM as a Cr amino acid chelate (Mathison and Engstrom, 1995) decreased HCW when compared to feeding 0 mg Cr. Our data more closely agree with as there were no differences in growth performance or HCW with Cr supplementation to steers in the present trial.
We had hypothesized that CrP supplementation would enhance marbling because of an increased availability of glucose for intramuscular fat deposition. Therefore, all steers were slaughtered at a targeted 1.27 cm BF across a 40 d range to determine the effects of CrP on intramuscular fat deposition at a common BF end point. Steers fed CrP had greater DOF. This has not been shown in previous research, as calves in previous trials either have been fed Cr during the receiving period and not during finishing (Moonsie-Shageer and Mowat, 1993) or were slaughtered as a group at a targeted final BW Pollard et al., 2002) .
One of the reasons we had hypothesized increased glucose availability for IMF is because Cr potentiates the action of insulin (Anderson, 2003) . In fact, Matthews et al. (2003) observed that growing-finishing pigs supplemented with 0.2 mg Cr/kg DM as Cr propionate had a 0.41 unit increase in marbling scores. Furthermore, increased conversion of propionate to glucose has been reported in rams fed concentratebased diets and supplemented with Cr when compared to those not supplemented (Sano et al., 1997) . Increased propionate conversion to glucose may lead to increased marbling (Smith and Crouse, 1984) . However, previous research has shown no effect of Cr on marbling scores in beef cattle Mathison and Engstrom, 1995; Pollard et al., 2002) , and in fact, in the current study we observed a tendency for decreased marbling and IMF. This decrease may be because the IMF depot is the last to develop, and the primary user of glucose in development is muscle. In the present trial, steers fed CrP had an increased DP compared to steers fed Cont. This increased DP by Cr has not been reported previously in beef feedlot steers. and Mathison and Engstrom (1995) noted no effect of Cr yeast and a Cr amino acid chelate on DP. In fact, Pollard et al. (2002) reported a decrease in DP by 1.2% with feeding Cr yeast to supply 0.4 mg Cr/kg DM. However, in the current study, the increase in DP is driven by the tendency for carcasses from steers fed CrP to have a larger LM area compared to carcasses of steers fed Cont. This increase in LM area has also not been previously observed in feedlot steers fed Cr; however, an increase in LM area (Page et al., 1993; Kornegay et al., 1997) and total percentage of muscle in the carcass (Boleman et al., 1995; Jackson et al., 2009 ) has been reported in swine fed Cr.
Because Cr affects glucose and insulin metabolism, as discussed previously, 2 GTT were conducted in the present trial to examine the effects of CrP supplementation on glucose concentrations and insulin function in steers. There has been no previous research comparing the effects of feeding Cr to beef steers throughout the finishing phase on glucose and insulin metabolism. Previous Cr research on glucose and insulin metabolism of cattle has been conducted in growing calves (Bunting et al., 1994; Kegley and Spears, 1995; Kegley et al., 2000; Sumner et al., 2007; Bernhard et al., 2012) . However, these data do not represent an accurate comparison to the current trial because DOF may affect insulin sensitivity and glucose (Radunz et al., 2012) . In the most comparable study, Spears et al. (2012) supplemented growing beef heifers, averaging 291 kg at the start of the trial, either 0, 3, 6, or 9 mg Cr/d as Cr propionate in a ground-corn carrier that was top-dressed on a silage-based diet. A GTT was conducted at d 44 on the study, a midpoint between the GTT conducted in the current study. However, treatments were fed for 43 d, less than half of the time that Cr was fed in the current study. In the present trial, the effects of the FT × time × DOF interaction on glucose may not have as much biological relevance as gAUC, peak and baseline glucose concentrations, k, or T 1/2 . Similar to the current data, previous research has shown no effect of Cr supplementation on peak glucose concentrations in growing cattle (Spears et al., 2012) . In addition, there were also no effects of Cr (at any level) on baseline glucose concentrations (Spears et al., 2012) . However, in the current study, steers fed CrP tended to have decreased basal glucose concentrations compared to steers fed Cont, regardless of DOF.
Baseline glucose values of steers in the current study were in the upper range of what is considered normal, 3 to 6 mmol/L for fasted feedlot steers (Schoonmaker et al., 2003; Vasconcelos et al., 2009; Radunz et al., 2012) .
Increased k and decreased T 1/2 are measures that suggest improved insulin sensitivity. However, in the current study, steers fed CrP had decreased gAUC, decreased k, and increased T 1/2 when compared to steers fed Cont early in the finishing phase (21 DOF), suggesting a reduction in insulin sensitivity, but late in the finishing phase (98 DOF), there were no differences between treatments. Regardless of CrP supplementation, all steers in the present study had decreased gAUC, faster k, and decreased T 1/2 at 98 DOF compared to 21 DOF. Previous research reported growing heifers had increased k from 15 to 45 min after glucose infusion and increased T 1/2 with supplementation of Cr propionate (Spears et al., 2012) , but again, heifers in the previous experiment were fed Cr for only 43 d, and only 1 GTT was conducted. Therefore, comparison of DOF effects with Cr supplementation may require additional research. Furthermore, because of variation in published literature, additional research may be necessary to determine the optimal time points to calculate T 1/2 and k. In previous Cr studies alone, k has been calculated from time points 5 to 30 min (Bunting et al., 1994) , 5 to 15 min (Spears et al., 2012) , 30 to 45 min (Bernhard et al., 2012) , and 15 to 45 min (Kegley and Spears, 1995; Kegley et al., 1997b Kegley et al., , 2000 and has also not been reported (Sumner et al., 2007) .
Although there were no effects of CrP on iAUC, insulin peak or baseline concentrations, or insulin:glucose ratio in the current study, baseline insulin values for steers were considered within the normal range of 100 to 350 pmol/L for beef steers on a finishing diet (Trenkle, 1972; Hersom et al., 2004; Vasconcelos et al., 2009 ). Contrary to these findings, 12-mo-old growing beef heifers fed Cr propionate had decreased iAUC, insulin:glucose ratio, and peak insulin concentrations with no effect on basal insulin concentrations (Spears et al., 2012) .
Overall, Spears et al. (2012) reported that heifers supplemented with Cr for 43 d were more insulin sensitive to Cr propionate supplementation because of decreased insulin and glucose concentrations with a faster clearance of glucose and decreased insulin:glucose ratio. In the current study, CrP also decreased gAUC but decreased k and increased T 1/2 without affecting insulin:glucose ratio at 21 DOF; however, by d 98 there were no effects of CrP on any glucose or insulin variables. The differences observed between our study and Spears et al. (2012) may be due to duration of feeding Cr or differences in insulin sensitivity between sex, as growing heifers have been shown to be more insulin sensitive than growing steers (Radunz et al., 2012) .
Perhaps 1 of the most compelling findings from the current study is the powerful effect of DOF on glucose and insulin metabolism. The same amount of insulin being used to clear more glucose suggests increased insulin sensitivity or the tissues becoming more sensitive to the effects of insulin (Reaven, 1988; Wilcox, 2005) . The steers in the present trial used more insulin to clear less glucose at 98 DOF compared to 21 DOF, regardless of Cr supplementation; thus, steers were more insulin resistant, with no mitigation from CrP supplementation. Supporting the current research, Forbes (1980) explained that with increased fatness and DOF, adipocytes have reduced ability to remove glucose from the blood because of decreased sensitivity to insulin. Radunz et al. (2012) also reported that steers had increased insulin resistance the longer they were on a corn-based finishing diet. No previous trials have conducted multiple GTT in feedlot cattle when supplementing Cr.
In conclusion, there were no effects of CrP on any measures of growth performance. Although steers fed CrP tended to have increased LM area and increased DP, they also tended to have decreased marbling scores and intramuscular fat. In the present trial, CrP did not improve measures of insulin sensitivity over time. As steers were on feed longer, they became insulin resistant, regardless of whether or not they were supplemented with CrP.
